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(57) ABSTRACT 

A memory control apparatus includes memory control sec 
tions that read and write data from and to the DRAMs. The 
memory control sections periodically refresh the DRAMs. 
The refresh rate is set to avoid the conflict of the refresh 
operations as well as read and write operations that consume 
high power. A memory control method includes connecting 
memories in a memory control section where the memories 
perform periodic refresh and perform data write, data read, 
and refresh operations. Refresh commands are issued at opti 
mum intervals and with arbitrary timing Such that commands 
that consume high power do not conflict with each other. 

20 Claims, 10 Drawing Sheets 
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US 8,543,777 B2 
1. 

MEMORY CONTROL APPARATUS, 
MEMORY CONTROL METHOD, AND 

COMPUTER PROGRAM WITH REFRESH 
COMMANDSAT OPTIMUMINTERVALS 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

The present invention contains Subject matter related to 
Japanese Patent Application JP 2007-255154, filed in the 
Japan Patent Office on Sep. 28, 2007, the entire contents of 
which being incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a memory control appara 

tus, a memory control method, and a computer program. In 
particular, the present invention relates to a memory control 
apparatus, a memory control method, and a computer pro 
gram for controlling a plurality of memories that require 
periodic refresh. 

2. Description of the Related Art 
In electronic devices such as digital cameras or camcord 

ers, dynamic random access memories (DRAMs) are widely 
used as memory elements for storing data. Types of the 
DRAMs include double data rate (DDR), DDR2, and low 
power double data rate (LPDDR). 
An increasing number of electronic devices equipped with 

the DRAMs adopt a system with a plurality of DRAMs with 
the view of increasing storage capacity. 

Because of its structure, the DRAM requires periodic 
refresh to hold data, and if the refresh is not performed, the 
data therein will be lost. The refresh operation, however, 
requires a large operating current, and when the refresh 
operations for a plurality of DRAMs conflict with each other, 
a correspondingly large operating current is needed. 
As such, a technique has been disclosed for controlling 

timing with which the refresh operations, which require a 
large operating current, are performed in order to avoid the 
conflict of the refresh operations (see, for example, Japanese 
Patent Laid-open No. 2006-164323 (hereinafter referred to as 
Patent Document 1)). 

SUMMARY OF THE INVENTION 

In some types of DRAMs, however, a read operation 
requires a larger current than the refresh operation. In Such 
types of DRAMs, a conflict of read operations results in a 
higher peak current than a peak current caused by the conflict 
of refresh operations. 
The DRAMs have different optimum refresh intervals 

depending on their capacity. For example, 256 MB DRAMs 
require 4096 refresh operations every 64 milliseconds, 
whereas 512 MB DRAMs require 8192 refresh operations 
every 64 milliseconds. A method as disclosed in Patent Docu 
ment 1 has a problem in that an optimum number of refresh 
operations cannot be performed when the DRAMs differ in 
capacity. 
The present invention addresses the above-identified, and 

other problems associated with methods and apparatuses in 
related art, and provides a memory control apparatus, a 
memory control method, and a computer program which 
allow arbitrary setting of the timing with which the refresh 
operations are performed and are capable of avoiding not only 
the conflict of the refresh operations but also a conflict of 
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2 
commands for operations that consume high power, such as 
write/read operations, in order to prevent an increase in peak 
Current. 

According to one embodiment of the present invention, 
there is provided a memory control apparatus including a 
plurality of memory control sections, each of which has con 
nected thereto one or more memories that require periodic 
refresh and is configured to perform data write, data read, and 
refresh operations on the one or more memories. The memory 
control sections issue, to each of the one or more memories, 
refresh commands at optimum intervals and with arbitrary 
timing Such that commands that consume high power do not 
conflict with each other. 

According to the above memory control apparatus, the 
memory control sections issue, to each of the one or more 
memories, the refresh commands at optimum intervals and 
with arbitrary timing such that the commands that consume 
high power do not conflict with each other. Thus, the timing 
with which the refresh operations are performed can be set 
arbitrarily so as to avoid the conflict of the refresh operations 
and write/read operations, which consume high power, 
whereby an increase in peak current can be prevented. 

Each of the memory control sections may include a 
memory control setting section configured to set a threshold 
number of conflicts of write/read commands and the refresh 
commands. According to the above memory control appara 
tus, a memory control setting section is configured to set a 
threshold number of conflicts of write/read commands and 
the refresh commands. Thus, in the case where conflicts of 
write/read commands and the refresh commands occur, con 
flicts are allowed until exceeding the threshold number. 
The memory control setting section may be capable of 

setting a maximum wait time for which issuance of a refresh 
request is Suspended when the number of occurring conflicts 
exceeds the threshold number. According to the above 
memory control apparatus, the memory control setting sec 
tion is configured to be capable of setting a maximum wait 
time for which issuance of a refresh request is suspended 
when the number of occurring conflicts exceeds the threshold 
number. Thus, in the case where conflicts of write/read com 
mands and the refresh commands occur even after exceeding 
the threshold number, the refresh request is suspended until 
the maximum wait time has elapsed, whereby an increase in 
peak current can be prevented. 

If the number of occurring conflicts continues to exceed the 
threshold number even after the maximum wait time has 
elapsed, one of the memory control sections may cause one of 
the memory control sections that is continually performing a 
write/read operation on the memory to Suspend issuance of 
the write/read commands upon completion of a current burst 
transfer. Thus, conflicts of write/read commands and the 
refresh commands are avoided by giving priority to issuance 
of the refresh command, whereby an increase in peak current 
can be prevented. 

According to another embodiment of the present invention, 
there is provided a memory control apparatus including a 
memory control section that has connected thereto a plurality 
of memories that require periodic refresh and is configured to 
perform data write, data read, and refresh operations on the 
memories. The memory control section issues, to each of the 
memories, refresh commands at optimum intervals and with 
arbitrary timing Such that commands that consume high 
power do not conflict with each other. 

According to the above memory control apparatus, the 
memory control section issues, to each of the memories, the 
refresh commands at optimum intervals and with arbitrary 
timing Such that commands that consume high power do not 
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conflict with each other. Thus, the timing with which the 
refresh operations are performed can be set arbitrarily so as to 
avoid the conflict of the refresh operations and the write/read 
operations, which consume high power, whereby an increase 
in peak current can be prevented. 5 

Each of the memory control sections may include a 
memory control setting section configured to set a threshold 
number of conflicts of write/read commands and the refresh 
commands. According to the above memory control appara 
tus, a memory control setting section is configured to set a 10 
threshold number of conflicts of write/read commands and 
the refresh commands. Thus, in the case where conflicts of 
write/read commands and the refresh commands occur, con 
flicts are allowed until exceeding the threshold number. 
The memory control setting section may be capable of 15 

setting a maximum wait time for which issuance of a refresh 
request is Suspended when the number of occurring conflicts 
exceeds the threshold number. According to the above 
memory control apparatus, the memory control setting sec 
tion is configured to be capable of setting a maximum wait 20 
time for which issuance of a refresh request is suspended 
when the number of occurring conflicts exceeds the threshold 
number. Thus, in the case where conflicts of write/read com 
mands and the refresh commands occur even after exceeding 
the threshold number, the refresh request is suspended until 25 
the maximum wait time has elapsed, whereby an increase in 
peak current can be prevented. 

If the number of occurring conflicts continues to exceed the 
threshold number even after the maximum wait time has 
elapsed, one of the memory control sections may cause one of 30 
the memory control sections that is continually performing a 
write/read operation on the memory to suspend issuance of 
the write/read commands upon completion of a current burst 
transfer. Thus, conflicts of write/read commands and the 
refresh commands are avoided by giving priority to issuance 35 
of the refresh command, whereby an increase in peak current 
can be prevented. 

According to yet another embodiment of the present inven 
tion, there is provided a memory control method employed in 
a memory control apparatus including a plurality of memory 40 
control sections, each of which has connected thereto one or 
more memories that require periodic refresh and is configured 
to perform data write, data read, and refresh operations on the 
one or more memories. The method includes the step of 
issuing, to each of the one or more memories, refresh com 
mands at optimum intervals and with arbitrary timing Such 
that commands that consume high power do not conflict with 
each other. 

According to the above memory control method, the 
refresh commands are issued to each of the one or more 
memories at optimum intervals and with arbitrary timing Such 
that commands that consume high power do not conflict with 
each other. Thus, the timing with which the refresh operations 
are performed can be set arbitrarily so as to avoid the conflict 
of the refresh operations and the write/read operations, which 
consume high power, whereby an increase in peak current can 
be prevented. 

According to yet another embodiment of the present inven 
tion, there is provided a memory control method employed in 
a memory control apparatus including a memory control sec 
tion that has connected thereto a plurality of memories that 
require periodic refresh and is configured to perform data 
write, data read, and refresh operations on the memories. The 
method includes the step of issuing, to each of the memories, 
refresh commands at optimum intervals and with arbitrary 
timing Such that commands that consume high power do not 
conflict with each other. 
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4 
According to the above memory control method, the 

refresh commands are issued to each of the memories at 
optimum intervals and with arbitrary timing such that com 
mands that consume high power do not conflict with each 
other. Thus, the timing with which the refresh operations are 
performed can be set arbitrarily so as to avoid the conflict of 
the refresh operations and the write/read operations, which 
consume high power, whereby an increase in peak current can 
be prevented. 

According to yet another embodiment of the present inven 
tion, there is provided a computer program for causing a 
computer to perform data write, data read, and refresh opera 
tions on one or more connected memories that require peri 
odic refresh. The program causes the computer to perform the 
step of issuing, to each of the one or more memories, refresh 
commands at optimum intervals and with arbitrary timing 
Such that commands that consume high power do not conflict 
with each other. 

According to the above computer program, the refresh 
commands are issued to each of the one or more memories at 
optimum intervals and with arbitrary timing such that com 
mands that consume high power do not conflict with each 
other. Thus, the timing with which the refresh operations are 
performed can be set arbitrarily so as to avoid the conflict of 
the refresh operations and the write/read operations, which 
consume high power, whereby an increase in peak current can 
be prevented. 

According to yet another embodiment of the present inven 
tion, there is provided a computer program for causing a 
computer to perform data write, data read, and refresh opera 
tions on a plurality of connected memories that require peri 
odic refresh, the program causing the computer to perform the 
step of issuing, to each of the memories, refresh commands at 
optimum intervals and with arbitrary timing such that com 
mands that consume high power do not conflict with each 
other. 

According to the above computer program, the refresh 
commands are issued to each of the memories at optimum 
intervals and with arbitrary timing such that commands that 
consume high power do not conflict with each other. Thus, the 
timing with which the refresh operations are performed can 
be set arbitrarily so as to avoid the conflict of the refresh 
operations and the write/read operations, which consume 
high power, whereby an increase in peak current can be pre 
vented. 
As described above, the present invention provides the 

memory control apparatuses, the memory control methods, 
and the computer programs which allow the timing with 
which the refresh operations are performed to be set arbi 
trarily so as to avoid the conflict of not only the refresh 
operations but also the write/read operations, which consume 
high power, so that an increase in peak current can be pre 
vented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating the structure of a 
digital still camera according to a first embodiment of the 
present invention; 

FIG. 2 is a diagram for explaining memory control sections 
according to the first embodiment of the present invention; 

FIG. 3 is a diagram for explaining a case where a DRAM, 
which is connected to the memory control section, and a 
DRAM, which is connected to the memory control section, 
have the same refresh interval; 

FIG. 4 is a diagram for explaining a case where the DRAM, 
which is connected to the memory control section, and the 
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DRAM, which is connected to the memory control section, 
have different refresh intervals; 

FIG.5 is a diagram for explaining a case where the DRAM, 
which is connected to the memory control section, and the 
DRAM, which is connected to the memory control section, 
have different refresh intervals; 

FIG. 6 is a diagram for explaining an exemplary case 
where, while a read from the DRAM, which is connected to 
the memory control section, is being performed, a refresh 
request to the DRAM, which is connected to the memory 
control section, is about to be outputted; 

FIG. 7 is a diagram for explaining an exemplary case 
where, while a read from the DRAM, which is connected to 
the memory control section, is being performed, the refresh 
request to the DRAM, which is connected to the memory 
control section, is about to be outputted; 

FIG. 8 is a diagram for explaining the structure of a 
memory control section according to a second embodiment of 
the present invention; 

FIG. 9 is a diagram for explaining a case where the refresh 
requests are issued to DRAMs; and 

FIG.10 is a diagram for explaining a case where the refresh 
requests are issued to the DRAMs. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, preferred embodiments of the present inven 
tion will be described in detail with reference to the accom 
panying drawings. Note that, in the present specification and 
the accompanying drawings, elements having Substantially 
the same functional structures will be assigned the same 
reference numerals, and redundant explanations will be omit 
ted. 

First Embodiment 

First, a digital still camera including a memory control 
apparatus according to a first embodiment of the present 
invention will be described below. 

FIG. 1 is a block diagram illustrating the structure of the 
digital still camera 100 according to the first embodiment of 
the present invention. The structure of the digital still camera 
100 according to the first embodiment of the present inven 
tion will now be described in detail below with reference to 
FIG 1. 
As shown in FIG. 1, the digital still camera 100 according 

to the first embodiment of the present invention includes an 
imaging section 102, an image preprocessing section 110, an 
image processing section 120, a first arbitration section 
(ARB) 144, a second arbitration section 146, an operation 
section 148, a central processing unit (CPU) 150, a random 
access memory (RAM) 152, and an EEPROM 154. 
The imaging section 102 converts a light from a subject 

into an electrical signal. Although not shown, the imaging 
section 102 includes a Zoom lens, a diaphragm, a focus lens, 
and an imaging device Such as a charge-coupled device 
(CCD) or a complementary metal oxide semiconductor 
(CMOS) device. 
The image preprocessing section 110 converts imaging 

data obtained by the imaging section 102 into digital image 
data and outputs the digital image data. The image prepro 
cessing section 110 includes a CDS/AGC ADC 112, a timing 
generator 114, and a video driver 116. 
The CDS/AGC ADC 112 is a combination of a correlated 

double sampling (CDS) circuit integrated with an automatic 
gain control (AGC) circuit and an A/D converter. The CDS 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
circuit is one type of sampling circuit for removing noise in 
the electrical signal outputted from the imaging section 102. 
In the present embodiment, the CDS circuit is integrated with 
the AGC circuit, which is used to amplify the electrical signal 
after the noise is removed therefrom. The A/D converter 
converts an analog signal outputted from the CDS circuit and 
the AGC circuit into the digital image data, and outputs the 
digital image data to the image processing section 120. 
The timing generator 114 generates a timing signal to be 

inputted to the imaging section 102. The video driver 116 
outputs the timing signal generated by the timing generator 
114 to the imaging section 102. 
The image processing section 120 performs signal process 

ing on the digital signal generated by the image preprocessing 
section 110 to obtain image data. The image processing sec 
tion 120 includes a camera signal processing section 122, a 
resolution conversion section 124, an image codec section 
126, memory control sections 128 and 130, a display control 
section 132, a media control section 134, DRAMs 136 and 
138, a display section 140, and a recording medium 142. 
The camera signal processing section 122 performs signal 

processing on the image data Supplied from the image pre 
processing section 110. Examples of the signal processing 
performed by the camera signal processing section 122 
include gain correction for the quantity of light and white 
balance adjustment. The image data Subjected to the signal 
processing in the camera signal processing section 122 is 
supplied to the memory control section 128. 
The resolution conversion section 124 performs a process 

of converting the resolution of the image data. In the present 
embodiment, the resolution conversion section 124 reads 
image data stored in the DRAM 136 and converts the resolu 
tion of the image data. The resolution-converted image data is 
stored in the DRAM 138, and the image data stored therein is 
displayed on the display section 140. 
The image codec section 126 performs a codec process on 

the image data. In the present embodiment, the image codec 
section 126 performs a process of compressing the image data 
into JPEG, MPEG, or other formats when the image data is 
recorded on the recording medium 142. 
The memory control sections 128 and 130 control reading 

and writing of data from or to the DRAMs 136 and 138. In 
addition, the memory control sections 128 and 130 issue 
commands for periodically refreshing the DRAMs 136 and 
138, in order to refresh the DRAMs 136 and 138. 
The display control section 132 controls displaying of 

images on the display section 140. The media control section 
134 controls recording and reading of the images onto or from 
the recording medium 142. 
The DRAMs 136 and 138 store the image data temporarily. 

The storage of the data in the DRAM 136 and the reading of 
the data from the DRAM 136 are controlled by the memory 
control section 128. Similarly, the storage of the data in the 
DRAM 138 and the reading of the data from the DRAM 138 
are controlled by the memory control section 130. Data write 
requests and data read requests to the memory control sec 
tions 128 and 130 are arbitrated by the first arbitration section 
144 and the second arbitration section 146. 
The image data is displayed on the display section 140. The 

displaying of the image data on the display section 140 is 
performed by the display control section 132. Examples of 
the display section 140 include a liquid crystal display (LCD). 
The image data obtained by imaging is recorded on the 

recording medium 142. Examples of the recording medium 
142 include a hard disk, various types of flash memories, and 
an optical disc. 
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As noted previously, the first arbitration section 144 and 
the second arbitration section 146 arbitrate the data write 
requests and the data read requests to the memory control 
Sections 128 and 130. 
The operation section 148 is used to manipulate the digital 

still camera 100. Although not shown in FIG. 1, the operation 
section 148 has arranged thereon a shutter button for photo 
graphing, a cross key for selecting an image to be displayed 
on the display section 140, a button for deleting an image 
recorded on the recording medium 142, and so on. 
The CPU 150 controls various parts of the digital still 

camera 100. The CPU 150 sequentially reads a computer 
program stored in the RAM 152 to control the digital still 
camera 100. 
The computer program to be executed by the CPU 150 is 

stored in the RAM 152. Data and parameters for the operation 
of the digital still camera 100 are stored in the EEPROM 154. 
The digital still camera 100 according to the first embodi 

ment of the present invention has been described above. The 
digital still camera 100 according to the first embodiment of 
the present invention uses two DRAMs as shown in FIG.1. In 
systems in which two DRAMs are used, the refresh, read, and 
write operations for one DRAM are performed indepen 
dently. As such, when those operations are performed simul 
taneously for the two DRAMs, the peak current increases 
greatly. 
As such, in the first embodiment of the present invention, it 

is possible to arbitrarily set the timing with which the refresh 
operations are performed, and avoid a conflict of write/read 
operations as well as a conflict of refresh operations, thereby 
preventing an increase in peak current. 

FIG. 2 is a diagram for explaining the memory control 
sections 128 and 130 according to the first embodiment of the 
present invention. The memory control sections 128 and 130 
according to the first embodiment of the present invention 
will now be described in detail below with reference to FIG. 
2. 
As noted previously, the memory control section 128 

makes the refresh, read, and write requests to the DRAM 136, 
whereas the memory control section 130 makes the refresh, 
read, and write requests to the DRAM 138. With the interme 
diacy of the memory control section 130, the memory control 
section 128 controls the timing with which to make the 
refresh, read, and write requests to the DRAM 138. 
The memory control section 128 includes a refresh setting 

section 162, a refresh control section 164, and a main 
sequencer 166. Similarly, the memory control section 130 
includes a refresh setting section 172, a refresh control sec 
tion 174, and a main sequencer 176. 

The refresh setting section 162 is an example of a memory 
control setting section according to an embodiment of the 
present invention, and is used to make various settings con 
cerning the refresh requests to the DRAM 136. Items set in the 
refresh setting section 162 include master refresh interval 
setting, refresh mode setting, external refresh interval setting, 
refresh request maximum wait setting, priority order setting, 
and conflicting command threshold setting. Each of the items 
set in the refresh setting section 162 will now be described in 
detail below. 
The master refresh interval setting is used to set a refresh 

interval of the DRAM 136, which is directly connected to the 
memory control section 128. In the case where the DRAM 
136 has a capacity of 256 MB, for example, the optimum 
number of refresh operations to be performed every 64 mil 
liseconds is 4096, and accordingly, a refresh interval that 
allows 4096 refresh operations to be performed every 64 
milliseconds is set in the master refresh interval setting. 
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8 
The refresh mode setting is used to set whether the refresh 

request to the DRAM 136, which is directly connected to the 
memory control section 128, is to be made by the memory 
control section 128 itself (an internal refresh mode) or by 
another memory control section (an external refresh mode). 
In the external refresh mode, the memory control section 128 
receives a signal for initiating the refresh request from the 
other memory control section to make the refresh request. 
The external refresh interval setting is used to set a refresh 
interval of the DRAM 138, which is connected to another 
memory control section than the memory control section 128. 
The conflicting command threshold setting is used to set 

the maximum permissible number of conflicts between 
refresh commands for the refresh requests and read/write 
commands. For example, Suppose that '2' is set in the con 
flicting command threshold setting in the present embodi 
ment. In this case, when a read command issued by the 
memory control section 128 and a refresh command issued by 
the memory control section 130 are to be executed simulta 
neously, simultaneous execution of the two commands is 
permitted. 
The refresh request maximum wait setting is used to set a 

wait time for which issuance of the refresh command is Sus 
pended when the number of commands issued exceeds the 
threshold set in the conflicting command threshold setting. In 
the case where there are a plurality of memory control sec 
tions, each memory control section issues the read/write com 
mand independently, and therefore the number of commands 
issued simultaneously may continue to be greater than the 
threshold set in the conflicting command threshold setting for 
a longtime. In some types of DRAMs, the maximum interval 
between refreshes is defined as a refresh cycle (tREFi)x8 or 
the like. Accordingly, even when the number of commands 
issued simultaneously exceeds the threshold set in the con 
flicting command threshold setting, the refresh command is 
issued after the wait time set in the refresh request maximum 
wait setting has elapsed. 
The priority order setting is used to set the order of priority 

in which to Suspend access from the memory control sections 
when the number of commands issued simultaneously con 
tinues to exceed the threshold set in the conflicting command 
threshold setting even after the wait time set in the refresh 
request maximum wait setting has elapsed. 

Suppose, for example, that there are five memory control 
sections and that they are denoted as MC1, MC2, MC3, MC4, 
and MC5, respectively. Also suppose that a conflict of a 
maximum of two commands is permitted in the conflicting 
command threshold setting, and that the order of priority set 
in the priority order Setting is 
MC1>MC2>MC3>MC4>MCS. 

In this case, if MC1, MC3, and MC4 are performing the 
read operations and MC2 is attempting to issue the refresh 
request, MC2 issues the refresh command when MC4, which 
is ranked lowest of the three in the order of priority, has 
completed a current access to the DRAM, and the next access 
by MC4 to the DRAM is suspended until MC2 completes the 
refresh request. 
The items set in the refresh setting section 162 have been 

described above. By making the above-described settings 
concerning the refresh request to the DRAM 136 in the 
refresh setting section 162, it is possible to arbitrarily set the 
timing with which the refresh operations are performed even 
when there are a plurality of DRAMs, and to avoid the conflict 
of the write/read operations as well as the conflict of the 
refresh operations to prevent an increase in peak current. 

Based on the items set in the refresh setting section 162, the 
refresh control section 164 notifies the main sequencer 166 or 
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the refresh control section 174 in the memory control section 
130 of the refresh request. The refresh control section 164 
contains a refresh counter and a wait counter. 
When the internal refresh mode is set in the refresh mode 

setting in the refresh setting section 162, the refresh counteris 
started, and when the value of the refresh counter has become 
a predetermined value, the refresh request is issued to the 
main sequencer 166. On the other hand, when the external 
refresh mode is set in the refresh mode setting in the refresh 
setting section 162, the refresh counter is started, and when 
the value of the refresh counter has become a predetermined 
value, the refresh request is issued to the refresh control 
section 174 in the memory control section 130. 

Suppose that the refresh request maximum wait setting is 
enabled and the value of the refresh counter has become a 
value corresponding to the refresh interval set in the master 
refresh interval setting (or the external refresh interval set 
ting). If, at this time, the number of commands issued simul 
taneously is greater than the threshold set in the conflicting 
command threshold setting, the wait counter starts counting. 
The main sequencer 166 generates and issues the com 

mands for the DRAM 136 in compliance with AC specifica 
tions of a device that uses the write command, the read com 
mand, the refresh command, and so on. 

Similar to the refresh control section 164, the refresh con 
trol section 174 notifies the main sequencer 176 of the refresh 
request. In the present embodiment, the refresh control sec 
tion 174 receives, from the refresh control section 164, the 
notification of the refresh request to the DRAM 138. 

Similar to the main sequencer 166, the main sequencer 176 
generates and issues the commands for the DRAM 138 in 
compliance with AC specifications of a device that uses the 
write command, the read command, the refresh command, 
and so on. 
The memory control sections 128 and 130 according to the 

first embodiment of the present invention have been described 
above. Next, operations of the memory control sections 128 
and 130 according to the first embodiment of the present 
invention will now be described below. In the following 
description, by way of example, the memory control section 
128 is assumed to be a master and control refresh cycles of the 
DRAMS 136 and 138. 

In order for the memory control section 128 to be set as the 
master, the refresh mode setting in the refresh setting section 
162 is set to the internal refresh mode, the refresh interval of 
the DRAM 136 is set in the master refresh interval setting, and 
the refresh interval of the DRAM 138 is set in the external 
refresh interval setting. 

Various examples of control, with different refresh inter 
vals of the DRAMs 136 and 138, will now be described 
below. 

FIG.3 is a diagram for explaining a case where the DRAM 
136, which is connected to the memory control section 128 
(MC1), and the DRAM 138, which is connected to the 
memory control section 130 (MC2), have the same refresh 
interval. 

In this case, the memory control section 130 is notified of 
the refresh request to the DRAM 138 (MC2 request) when the 
refresh counter in the refresh control section 164 has reached 
m (m is a natural number), and the main sequencer 166 is 
notified of the refresh request to the DRAM 136 (MC1 
request) when the refresh counter in the refresh control sec 
tion 164 has reached n (n is a natural number greater than m). 
As described above, the notification of the refresh requests 

to the two DRAMs is provided at different times so that two 
refresh operations may not conflict, whereby an increase in 
operating current is prevented. 
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10 
FIG. 4 is a diagram for explaining a case where the DRAM 

136, which is connected to the memory control section 128 
(MC1), and the DRAM 138, which is connected to the 
memory control section 130 (MC2), have different refresh 
intervals. Specifically, it is assumed that the DRAM 136 
needs 4096 refresh operations every 64 milliseconds, 
whereas the DRAM 138 needs 8192 refresh operations every 
64 milliseconds. 

In this case, the memory control section 130 needs to issue 
twice as many refresh requests as the memory control section 
128 in a given period. Accordingly, the memory control sec 
tion 130 is notified of the refresh request to the DRAM 138 
(MC2 request) when the refresh counter in the refresh control 
section 164 has reached m/2 and m (m is an even natural 
number), whereas the main sequencer 166 is notified of the 
refresh request to the DRAM 136 (MC1 request) when the 
refresh counter in the refresh control section 164 has reached 
n (n is a natural number greater than m). 

In this case also, the notification of the refresh requests to 
the two DRAMs is provided at different times as described 
above so that two refresh operations may not conflict, 
whereby an increase in operating current is prevented. 

FIG. 5 is a diagram for explaining a case where the DRAM 
136, which is connected to the memory control section 128 
(MC1), and the DRAM 138, which is connected to the 
memory control section 130 (MC2), have different refresh 
intervals. Specifically, it is assumed here that, in contrast to 
the case as shown in FIG. 4, the DRAM 136 needs 8.192 
refresh operations every 64 milliseconds whereas the DRAM 
138 needs 4096 refresh operations every 64 milliseconds. 

In this case, the memory control section 128 needs to issue 
twice as many refresh requests as the memory control section 
130. Accordingly, the memory control section 130 is notified 
of the refresh request to the DRAM 138 (MC2 request) when 
the refresh counter in the refresh control section 164 has 
reached m (m is a natural number) but only every other time, 
whereas the main sequencer 166 is notified of the refresh 
request to the DRAM 136 (MC1 request) when the refresh 
counter in the refresh control section 164 has reached n (n is 
a natural number greater than m). 

In this case also, the notification of the refresh requests to 
the two DRAMs is provided at different times as described 
above so that two refresh operations may not conflict, 
whereby an increase in operating current is prevented. 

Three exemplary cases have been described above where 
the memory control section 128 functions as the master to 
control the refresh cycles of the DRAMs 136 and 138. 

Next, the case will be described where the memory control 
section 128 controls the refresh cycles of the DRAMs 136 and 
138 so as to avoid not only the conflict of the refresh requests 
but also a conflict of a write to the DRAM and a read from the 
DRAM with the refresh request to the DRAM. 

FIG. 6 is a diagram for explaining an exemplary case 
where, while a read from the DRAM 136, which is connected 
to the memory control section 128 (MC1), is being per 
formed, the refresh request to the DRAM 138, which is con 
nected to the memory control section 130 (MC2), is about to 
be outputted. 

It is assumed in the example of FIG. 6 that the conflicting 
command threshold setting in the refresh setting section 162 
is set to 0, i.e., no conflict is to be permitted, and that the 
refresh request maximum wait setting and the external refresh 
interval setting are set to S (S is a natural number) and m (mis 
a natural number), respectively. 

In the case of the above settings, the refresh control section 
164 attempts to issue the refresh request to the external 
DRAM 138 when the refresh counter has reached m. How 
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ever, since the memory control section 128 (MC1) is perform 
ing a read from the DRAM 136 at the time, the memory 
control section 128 needs to suspend the issuance of the 
refresh request until the read from the DRAM 136 is com 
pleted. 

In this case, when the refresh counter has reached m, the 
wait counter starts. If the read from the DRAM 136 is com 
pleted before the wait counter reachess, the refresh control 
section 164 issues, to the memory control section 130, the 
refresh request to the DRAM 138. 
As described above, it is possible to control the timing with 

which the refresh request is issued to a memory, not only 
when the refresh is performed in another memory but also 
when the read/write is being performed in the other memory, 
and thereby to prevent an increase in operating current. 

Similar to FIG. 6, FIG. 7 is a diagram for explaining an 
exemplary case where, while a read from the DRAM 136, 
which is connected to the memory control section 128 (MC1), 
is being performed, the refresh request to the DRAM 138, 
which is connected to the memory control section 130 (MC2), 
is about to be outputted. In the example of FIG. 7, the read 
from the DRAM 136 has not been completed yet when the 
wait counter has reached S. 

In this case, when a burst transfer that is currently being 
performed in the memory control section 128 (MC1) has been 
completed, the refresh request to the DRAM 138 is issued 
without a next read command being issued from the main 
sequencer 166. The next read command is issued from the 
main sequencer 166 when the refresh of the DRAM 138 has 
been completed. 
As described above, when the predetermined period of 

time has elapsed, the refresh operation is performed in pref 
erence to the read/write operation, so that the loss of the data 
in the DRAM is avoided, and the timing with which the 
refresh request is issued is controlled to prevent an increase in 
operating current. 

Note that, if the burst transfer is not completed before a 
period of time corresponding to a refresh interval defined for 
the DRAM elapses since the last refresh operation, the data in 
the DRAM is lost. It is therefore desirable that, if the burst 
transfer is not completed before the period of time corre 
sponding to the refresh interval defined for the DRAM 
elapses since the last refresh operation, the refresh request be 
issued to the DRAM even if the read/write operation is being 
performed in the other DRAM. Also note that it is desirable 
that the value of the refresh request maximum wait setting be 
set, taking into account the possibility that the burst transfer 
may not be completed before the period of time correspond 
ing to the refresh interval defined for the DRAM elapses since 
the last refresh operation. 

The operations of the memory control sections 128 and 130 
according to the first embodiment of the present invention 
have been described above. Note that, although the number of 
memory control sections is two in the present embodiment, 
the number of memory control sections may be greater than 
two in other embodiments of the present invention. 
As described above, according to the first embodiment of 

the present invention, where one DRAM is connected to each 
of the memory control sections 128 and 130, the timing with 
which the refresh requests are issued to the DRAMs is con 
trolled to avoid the conflict of the refresh commands and 
thereby to prevent an increase in operating current. In addi 
tion, the timing with which the refresh operations are per 
formed is controlled while taking into account the timing with 
which the read/write operations are performed. This contrib 
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12 
utes to avoiding the conflict of the refresh command with the 
read/write command and thereby to preventing an increase in 
operating current. 

Second Embodiment 

In the first embodiment of the present invention, one 
DRAM is connected to each of the plurality of memory con 
trol sections. In a second embodiment of the present inven 
tion, a plurality of DRAMs are connected to one memory 
control section. 

FIG. 8 is a diagram for explaining the structure of a 
memory control section 228 according to the second embodi 
ment of the present invention. The structure of the memory 
control section 228 according to the second embodiment of 
the present invention will now be described below with ref 
erence to FIG. 8. 
The memory control section 228 controls DRAMs 236 and 

238. As shown in FIG. 8, the memory control section 228 
according to the second embodiment of the present invention 
includes a refresh setting section 262, a refresh control sec 
tion 264, and a main sequencer 266. In FIG. 8, the DRAMs 
236 and 238 are denoted as DRAM1 and DRAM2, respec 
tively. 

Similar to the refresh setting section 162 according to the 
first embodiment of the present invention, the refresh setting 
section 262 is used to make various settings concerning the 
refresh requests to the DRAMs 236 and 238. As in the case of 
the refresh setting section 162, items set in the refresh setting 
section 262 include the master refresh interval setting, the 
refresh mode setting, the external refresh interval setting, the 
refresh request maximum wait setting, the priority order set 
ting, and the conflicting command threshold setting. Of these 
items, the master refresh interval setting is used to make 
settings concerning the two DRAMs 236 and 238. The other 
items are the same as their counterparts in the first embodi 
ment of the present invention. 

Based on the items set in the refresh setting section 262, the 
refresh control section 264 notifies the main sequencer 266 of 
the refresh request. Similar to the refresh control section 164 
according to the first embodiment of the present invention, the 
refresh control section 264 contains the refresh counter and 
the wait counter. In the present embodiment, there is only one 
memory control section, i.e., the memory control section 228. 
and there is no other memory control section to be notified of 
the refresh request. Note, however, that the number of 
memory control sections is not limited to one in the present 
invention. In the case where there are two or more memory 
control sections, one memory control section may notify 
another memory control section of the refresh request. 
The main sequencer 266 generates and issues the com 

mands for the DRAMs 236 and 238 in compliance with AC 
specifications of a device that uses the write command, the 
read command, the refresh command, and so on. 
The memory control section 228 according to the second 

embodiment of the present invention has been described 
above. Next, the operation of the memory control section 228 
according to the second embodiment of the present invention 
will now be described below. 

FIG. 9 is a diagram for explaining a case where the refresh 
requests are issued to the DRAMs 236 and 238. In the 
example of FIG. 9, it is assumed that the DRAM 236 
(DRAM1) and the DRAM 238 (DRAM2) have the same 
refresh interval. 

In this case, the main sequencer 266 is notified of the 
refresh request to the DRAM 238 (DRAM2) (DRAM2 
request) when the refresh counter in the refresh control sec 
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tion 264 has reached m (m is a natural number), and the main 
sequencer 266 is notified of the refresh request to the DRAM 
236 (DRAM1) (DRAM1 request) when the refresh counter in 
the refresh control section 264 has reached n (n is a natural 
number greater than m). 
As described above, the notification of the refresh requests 

to the two DRAMs is provided at different times so that two 
refresh operations may not conflict, whereby an increase in 
operating current is prevented. 

FIG.10 is a diagram for explaining a case where the refresh 
requests are issued to the DRAMs 236 and 238. In the 
example of FIG. 10, it is assumed that the DRAM 236 
(DRAM1) and the DRAM 238 (DRAM2) have different 
refresh intervals. Specifically, it is assumed that the DRAM 
236 needs 8192 refresh operations every 64 milliseconds 
whereas the DRAM 238 needs 4096 refresh operations every 
64 milliseconds. 

In this case, the DRAM 236 requires twice as many refresh 
operations as the DRAM 238 in a given period. In this case, 
the main sequencer 266 is notified of the refresh request to the 
DRAM 236 (DRAM1) (DRAM1 request) when the refresh 
counter in the refresh control section 264 has reached n (n is 
a natural number), and the main sequencer 266 is notified of 
the refresh request to the DRAM 238 (DRAM2) (DRAM2 
request) when the refresh counter in the refresh control sec 
tion 264 has reached m (m is a natural number greater than n) 
but only every other time. 

In this case also, the notification of the refresh requests to 
the two DRAMs is provided at different times as described 
above so that two refresh operations may not conflict, 
whereby an increase in operating current is prevented. 

The operation of the memory control section 228 accord 
ing to the second embodiment of the present invention has 
been described above with reference to the two exemplary 
CaSCS. 

As described above, according to the second embodiment 
of the present invention, where two DRAMs are connected to 
the memory control section 228, the timing with which the 
refresh requests are issued to the DRAMs is controlled so as 
to avoid the conflict of the refresh commands and thereby to 
prevent an increase in operating current. 

In addition, as in the first embodiment of the present inven 
tion, the timing with which the refresh operations are per 
formed may be controlled while taking into account the tim 
ing with which the read/write operations are performed. This 
will contribute to avoiding the conflict of the refresh com 
mand with the read/write command and thereby to preventing 
an increase in operating current. 

While preferred embodiments of the present invention 
have been described above with reference to the accompany 
ing drawings, it should be understood that the present inven 
tion is not limited to the above-described embodiments. It 
should be understood by those skilled in the art that various 
modifications, combinations, Sub-combinations and alter 
ations may occur depending on design requirements and 
other factors insofar as they are within the scope of the 
appended claims or the equivalents thereof. 
The present invention is applicable to a memory control 

apparatus, a memory control method, and a computer pro 
gram. In more detail, the present invention is applicable to a 
memory control apparatus, a memory control method, and a 
computer program for controlling a plurality of memories 
that require periodic refresh. 
What is claimed is: 
1. A memory control apparatus, comprising 
a plurality of memory control sections, each of which is 

connected to one or more memories that require periodic 
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refresh and is configured to perform commands that 
consume high power including data write, data read, and 
refresh operations on the one or more memories, 

wherein said plurality of memory control sections issue, to 
each of the one or more memories, refresh commands at 
optimum intervals and with arbitrary timing Such that 
the commands that consume high power do not conflict 
with each other. 

2. The memory control apparatus according to claim 1, 
wherein each of said plurality of memory control sections 

includes a memory control setting section configured to 
set a threshold number of conflicts of write/read com 
mands and the refresh commands. 

3. The memory control apparatus according to claim 2, 
wherein the memory control section is configured for set 

ting a maximum wait time for which issuance of a 
refresh request is suspended when the number of occur 
ring conflicts exceeds the threshold number. 

4. The memory control apparatus according to claim 3, 
wherein, if the number of occurring conflicts continues to 

exceed the threshold number even after the maximum 
wait time has elapsed, one of said plurality of memory 
control sections causes one of said plurality of memory 
control sections that is continually performing a write? 
read operation on the memory to suspend issuance of the 
write/read commands upon completion of a current 
burst transfer. 

5. The memory control apparatus according to claim 3, 
wherein an order of priority among the memory control sec 
tions determines an access Suspension for one or more of the 
memory control sections having commands remaining to be 
completed when the maximum wait time has elapsed, to allow 
completion of the refresh request. 

6. A memory control apparatus, comprising 
a memory control section that is connected to a plurality of 

memories that require periodic refresh and is configured 
to perform commands that consume high power includ 
ing data write, data read, and refresh operations on the 
memories, 

wherein said memory control section issues, to each of the 
memories, refresh commands at optimum intervals and 
with arbitrary timing Such that the commands that con 
Sume high power do not conflict with each other. 

7. The memory control apparatus according to claim 6. 
wherein said memory control section includes a memory 

control setting section configured to set a threshold num 
ber of conflicts of write/read commands and the refresh 
commands. 

8. The memory control apparatus according to claim 7. 
wherein the memory control section is configured for set 

ting a maximum wait time for which issuance of a 
refresh request is suspended when the number of occur 
ring conflicts exceeds the threshold number. 

9. The memory control apparatus according to claim 8. 
wherein, if the number of occurring conflicts continues to 

exceed the threshold number even after the maximum 
wait time has elapsed, said memory control section Sus 
pends issuance of the write/read commands upon 
completion of a current burst transfer. 

10. The memory control apparatus according to claim 8. 
wherein an order of priority among the memory control sec 
tions determines an access Suspension for one or more of the 
memory control sections having commands remaining to be 
completed when the maximum wait time has elapsed, to allow 
completion of the refresh request. 

11. A memory control method employed in a memory 
control apparatus including: 
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a plurality of memory control sections, each of which is 
connected to one or more memories that require periodic 
refresh and is configured to perform commands that 
consume high power including data write, data read, and 
refresh operations on the one or more memories, the 
method comprising: 
issuing, to each of the one or more memories, refresh 
commands at optimum intervals and with arbitrary 
timing Such that the commands that consume high 
power do not conflict with each other. 

12. The memory control method according to claim 11, 
wherein said issuing further comprises setting, by a memory 
control setting section included by each of said plurality of 
memory control sections, a threshold number of conflicts of 
write/read commands and the refresh commands. 

13. The memory control method according to claim 12, 
wherein said setting further comprises determining a maxi 
mum wait time for which issuance of a refresh request is 
Suspended when the number of occurring conflicts exceeds 
said threshold number. 

14. The memory control method according to claim 13, 
wherein said determining further comprises causing, by one 
of said plurality of memory control sections if the number of 
occurring conflicts continues to exceed the threshold number 
even after the maximum wait time has elapsed, one of said 
plurality of memory control sections that is continually per 
forming a write/read operation on the memory to Suspend 
issuance of the write/read commands upon completion of a 
current burst transfer. 

15. A memory control method employed in a memory 
control apparatus including a memory control section that is 
connected to a plurality of memories that require periodic 
refresh and is configured to perform commands that consume 
high power including data write, data read, and refresh opera 
tions on the memories, the method comprising: 

issuing, to each of the memories, refresh commands at 
optimum intervals and with arbitrary timing Such that 
the commands that consume high power do not conflict 
with each other. 

16. A non-transitory computer readable medium storing 
computer program for causing a computer to perform com 
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mands that consume high power including data write, data 
read, and refresh operations on one or more connected memo 
ries that require periodic refresh, the program being execut 
able because the computer to perform: 

issuing, to each of the one or more memories, refresh 
commands at optimum intervals and with arbitrary tim 
ing such that the commands that consume high power do 
not conflict with each other. 

17. The non-transitory computer readable medium accord 
ing to claim 16, wherein said issuing further comprises set 
ting, by a memory control setting section included by each of 
said plurality of memory control sections, a threshold number 
of conflicts of write/read commands and the refresh com 
mands. 

18. The non-transitory computer readable medium accord 
ing to claim 17, wherein said setting further comprises deter 
mining a maximum wait time for which issuance of a refresh 
request is Suspended when the number of occurring conflicts 
exceeds said threshold number. 

19. The non-transitory computer readable medium accord 
ing to claim 18, wherein said determining further comprises 
causing, by one of said plurality of memory control sections 
if the number of occurring conflicts continues to exceed the 
threshold number even after the maximum wait time has 
elapsed, one of said plurality of memory control sections that 
is continually performing a write/read operation on the 
memory to suspend issuance of the write/read commands 
upon completion of a current burst transfer. 

20. A non-transitory computer readable medium storing 
computer program for causing a computer to perform com 
mands that consume high power including data write, data 
read, and refresh operations on a plurality of connected 
memories that require periodic refresh, the program being 
executable because the computer to perform: 

issuing, to each of the memories, refresh commands at 
optimum intervals and with arbitrary timing Such that 
the commands that consume high power do not conflict 
with each other. 


